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1. Introduction

In recent century, the dynamic investigators have focused their
attention to explore the complex behavior of non-Newtonian
liquids due to their practical involvement in many chemical,
mechanical and processing industries. On this end, numerous
diverse mathematical relationships have been suggested in
the past to elaborate the actual response of such nano-
Newtonian materials. The general classification of such mate-
rials is characterized into rate type, integral type and differen-
tial type. The mechanisms of shear thickening/thinning
impacts can be evaluated by second or third grade liquid mod-
els. The theory of stress retardation and relaxation cannot be
deliberated by the differential constitutive relationships. The
simplest model to predict extra stress relaxation phenomenon
is known as Maxwell fluid which belong to the class of rate
type model. The literature on Maxwell liquid model can be ref-
ereed to refs. [1-8]. Another rate type non-Newtonian materi-
als is Oldroyd-D fluid which have also intended the researchers
attention. The impacts of memory and elastic can be visualized
by an Oldroyd-B non-Newtonian liquid model. The properties
of stress retardation and relaxation can be evaluated through
this model. The most of the polymers and biological liquids
are characterized as Oldroyd-B liquid and has pivotal applica-
tions in biomedical and environmental engineering fields.
Some attempts on Oldroyd-B liquid can be seen in [9-11].
The coupled forced and free convective flows generally
known as “mixed convection flows” and have wider applica-
tion in many industries which include electronic devices cool-
ing, energy storage, furnaces, lubrication technologies,
astrophysics processes, geology, chemical and transport pro-
cesses, drying, fire control, food industries, refrigerators and
metallurgy. The liquid temperature difference of two isother-
mal plates is called free convection while the heat flow induced
by some externally applied force is known as forced convective
flow. The consideration of buoyancy terms lead to complicated
mathematical model because the transport of liquid and ther-
mal properties become coupled. The flow due to mixed convec-
tion has involvement of Archimedes number (Gr/Re”) which
describes the contribution of forced and natural convection.
The free convective flow dominates over forced convective flow
when Archimedes number is more dominant. A number of
investigations have been done on the phenomenon of flows
generated by heat supplied in which the transport processes
are encountered due to chemical reactions. The flows due to
such chemical reaction are formulated through the use of
Arrhenius kinetics theory [12-20]. Minto et al. [21] and Merkin
and Mahmood [22,23] examined the reactive surfaces flows
through porous media. According to the literature in spatial
manner [24], flow along with chemical reaction was confined
to the condition; however, our interest is to investigate the
chemical reaction which occurs along boundaries and surface
of flow regime. Further, heat absorption and generation phe-
nomenon is very spatial to controlling the heat transport in
industrial processes. Srinivas et al. [25] reported the role of
space porosity and solar radiation in MHD convective flow
of viscous liquid induced by channel having vertical walls.
The importance of heat sink and source in Maxwell liquid

by suspended nanoparticles addressed Ramesh et al. [26].
Few important studies on heat source/sink can be viewed in
[27-29].

The investigation of MHD flows generated by stretched
disks play a superficial role in polymer industry, physics, met-
allurgy and many engineering problems. The interaction of
electrically conducting liquid and magnetic field serious
effected much industrial equipment such as MHD generators,
pumps and bearing sand. An electrically conducting fluid sub-
ject to magnetic dipole plays a significant role in controlling
the fluid temperature and control the rate of cooling of final
product. The research on MHD flow has also important in
physiological problems like machines of blood pump and
blood plasma. Hayat et al. [30] investigates the interaction of
Lorentz force in flow of Maxwell nano-liquid with convective
heat transport. Waqas et al. [31] explore the magnetohydrody-
namic features in magnetized flow of Carreau-Yasuda nano-
fluid in presence of gyrotactic microorganisms. Malik et al.
[32] focused on MHD flow of tangent hyperbolic fluid over a
stretching cylinder. Mahanthesh et al. [33] intended the con-
cept of Lorentz and Coriolis forces in magnetohydrodynamic
flow of nanofluid induced by a radially moving disk. The
stretched flow for Carreau non-Newtonian material under
the specified influence of magnetic force was numerically elab-
orated by Mahanthesh [34]. Gireesha and co-researchers [35]
discussed the Hall and heat consumption and generation con-
sequences in MHD flow of dusty nano-material. The numeri-
cal inspection regarding rotating flow of nanofluid under the
novel impact of magnetic force, thermal radiation and hear
generation features was visualized by Mahanthesh et al. [36].
In another investigation Mahanthesh et al. [37] analyzed the
MHD flow of nanofluid configured by a rotating disk. The
irregular heat generation and absorption pattern was followed
to improve the heat transportation process.

The basic theme of the present research is to investigate
the simultaneous impacts of magnetic dipole and chemical
compositions in MHD mixed convection flow of Oldroyd-B
liquid isothermally and exothermally stretching disks. At
the lower disk surface, the Arrhenius kinetics process is main-
tained while upper disk has uniform concentration and tem-
perature distributions. The study also elaborates the effect of
exothermic reaction and Joule heating. The results from cur-
rent analysis may involve many interesting applications in
disk shaped surfaces like marine turbine, rotating heat
exchangers, electronic devices, disk reactor for bio-fluids pro-
duction, rotating wafers etc. According to available litera-
ture, no such attempt is available in the literature with
similar flow features. A famous homotopy analysis scheme
is employed to find the solution of coupled highly nonlinear
formulated equation [38-41].

2. Problem formulation

Let us consider a simultaneous effects of heat and mass trans-
fer in MHD flow of Oldroyd-B fluid induced in presence of
magnetic dipole. The induced flow is referred to stretched disks
that are separated by a distance d. The upper disk has uniform
temperature and concentration while the lower disk has
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exothermic reaction. It is assumed that both disks are stretched
in radial direction. The energy equation is modified by using
relations of Joule heating, viscous dissipation and exothermic
reaction. The exothermic reaction expression through first
order non-isothermal reaction (Merikin et al. [17]):

A — B+ heat, rate = koae E/R 7T, (1)

The above relations are known as Arrhenius Kkinetics
whereR; is the constant of universal gas, B is product species,
E is activation energy,k, reflects the rate constant, a is concen-
tration of reactant B while T'is temperature. Due to axisymme-
try, the azimuthal component of velocity vanishes and all
quantities are independent of 0. The resulting flow expressions
for Oldroyd-B liquid are [11,39,40]:
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In above equations u and w represents the components of
velocity in r and z directions, respectively,p is the liquid pres-
sure,p denotes characteristic density, v is kinematic viscosity,
K7 symbolize the thermal conductivity, 4;,4, are Deborah
numbers of relaxation and retardation times respectively, T
is the mean temperature and Q is exothermicity factor. The
boundary conditions for current flow model are [11,39.40]

appyr’
u=ar,w=0,p= ad yatz =0,
u=cr,w=0p=0,atz=d, (7)
oT
KTE = —QkOCOe’E/RITatz =0,T = Thatz =d,
ocC
Do-= ko(C — Co)e M a1z = 0,C = Cratz =d

In order to reduce governing partial differential equations
(1)-(6) into ordinary systems, the suggested similarity variables
are [11,39.40]:

u=arF(n),w =adH(n),p=a P()Jrﬁ—r2 =2
= n),w= n),p = ap n 4 :’7—aﬂ
E(T - Tp) C—-Gy
0n) = —~— 2 = . 8
(n) RTY - o(n) e (8)

The transformed flow problem is governed by following
equations

g (H’2 - 2HH”) = —% [/f +H' + L RHHH' — HH") + i (HH("‘) - H”z)]

n Rzéf (20 + 4 (H 0+ 2H0')) +¥(H' + 4 (HH"))
©)
EcPr (8, RM&
0" — RPrHO + cr<232+3ﬁ2_ 4 Hz)
xel) o, (10)
¢" = Sc(RHg' + &g+ 7) =0, (D
po 3 OH R HH'
2 2
wi(3HH —2mi i), (12)

with boundary conditions

H(0)=0,H(1) =0,H (0) = =2, H (1) = =2y, P(0) = 0,
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Fig. 1 The Jli-curves of HAM solution for velocity, temperature and concentration profiles when.R = 0.1,y =0.1,M = 0.2, 4, = 0.2,

§=03,Ec=0.1,Pr=04,0=02,K=02 Ry =02,Sc=0.5¢=0.1,y=02,4=0.1,B=0.5,6=0.3,2, = 0.land/, = 0.2.

Table 1 The numerical benchmark for solution convergence
at different order of approximations.
Order of Approximation H'(0) 0'(0) ¢ (0)
7 9.98428 —1.52846 —1.63187
8 9.98438 —1.52876 —1.63220
9 9.98450 —1.52806 —1.63252
10 9.98461 —1.52608 —1.63285
11 9.98472 —1.52665 —1.63318
12 9.98447 —1.52608 —1.63351
15 9.98447 —1.52608 —1.63351
18 9.98447 —1.52608 —1.63351
25 9.98447 —1.52608 —1.63351
0'(0) = —Aex -1 0(1) = —R (13)
- Pleareooy) V=50
9(0) = Bo(O)exp (Y, p(1) =+
(1 + €6(0)) 2

Table 2 The comparative analysis of H(ij)andH (n) for
different values of # when y = 0.5 and R = 5(for Newtonian

case).

Present result (HAM)

Gorder et al. [42]

n
H(n) H'(n) H(n) H (1)
0.0 0.000 ~2.00 0.000 ~2.00
0.2 ~0.224 —0.360 —0.224 —0.360
0.4 ~0.192 0.560 ~0.192 0.560
0.6 —0.048 0.760 —0.048 0.760
0.8 0.064 0.240 0.064 0.240
1.0 0.000 —1.00 0.000 —1.000

The dimensionless parameters in above equation are
stretching rate constant y,local Grashoff numberG, [39,40],
Frank-Kamenetskii number K,Hartmann number M, constant
temperature parameter Rr,Archimedes number A4,, activation
energy parameter e, distance 6, Schmidt number Sc and chem-
ical reaction parameter ¢ which are define via following

relations:
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Fig. 3 (continued)

where A, = Xlla and A, = /lz/a are the Deborah number in
terms of relaxation and retardation respectively.

The non-dimensional expressions of coefficients of skin-
friction at lower and upper disk are [40]

e Tl . p-ly

le N %ﬂ((jr)z B %P(ér)z B R H (0)7 (15)
e Tel—eg . _ p-lgg”

=5 =y = R H (1)

The rate of heat transfer at surface of lower and upper disks
is define as [39,40]:

dqw — _ dKT% =0 _ _9’ (0)
Kr(T, = Th) '

(16)

. dK+ 2| _ ,
N2u — dqn — T 9z lz=d -0 (1)
Kr(T - T) Kr(T - T)

(17)

Similarly, the dimensionless form of local Sherwood num-
ber is

Shlu = _(p(0)7 (18)

Shy = —¢(1), (19)

3. Solution methodology

The homotopic scheme is used to execute the solutions of gov-
erning mathematical expressions. Since this method is quite



Dynamics of coupled reacted flow of Oldroyd-B material induced by isothermal/exothermal stretched disks 775

oF : : : : = oF : : : :
M=0,3,6,912 — ¥=0,03,05,0.7,09
-5 g ’ ] ’//

-10f
& _isf
—20f
=25F
~10F ]
—10} /
I -20f ; 3
- - . 4
s = =-7 5 -30f ]
g0 _ 7 7 &
- - e a0 ]
300" g —soF ]
T ;
¢ . . . . . Fal . . . . .
00 02 04 06 08 10 00 02 04 06 08 10
n n
(c) Effects of dimensionless distance
oF . .
Be=1,2,3,4,5
-5F
-10f
15}
IS s
& —20F % ¥
-25F ///,/’/ ]
0,
-0f 3
7.
-35577 ]
d 1 1 1 1 1
00 02 04 06 08 10
1
(e) Effects of Eckert number Ec
oF .
4,=1,2,3,4,5
-5t
-1of 100
g [ . ;’,/'; s
Ssp o7 -
- -150
ol -, /
e
/ -200
00 02 04 06 08 10 06 08 10
n n

(h) Effects of constant temperature
(g) Effects of Archimedes number A,
parameter Ry

Fig. 4 Graphs of temperature distribution for R=59y=0.5hy=h=-02,M=03,Ec=1,Pr=1,0=0.5¢=2,4, =20,
K=054=152=0.51 =0.5andR; = 2.



776

M. Sadiq Hashmi et al.

200" ' - 20 -
€=0.1,0.15, 02, 0.25, 0.3 A4=02,03,04,05,06
20}
“22f T L
204 ooz T EE T T
_ - --7 - -
-~ _— — -~ —
& 206} — & -24[ - o
— -
— / - ~
-208F b -~
- 28 / ]
=210 ]
/ . . . . . _23-/ . . . . e
0.0 02 04 0.6 0.8 1.0 0.0 02 04 0.6 03 1.0
n n

(j) Effects of dimensionless parameter

oOF T T T T =
R=1,2,3,4,5

0 T
A =10,20,30,40,50

(1) Effects of Deborah number A,

N A=11,13,1517,19

n

(m) Effects of Deborah number 4,

Fig. 4 (continued)

familiar therefore the detail of this analytical scheme is not pre-
sented here [39,40].

4. Convergence analysis

Since the homotopic scheme involves the auxiliary parame-
tershy, hy and h, that have key role for the development of
convergent solutions. To obtain the possible values offiy, iy
and 7,, the fi-curves at fifteen order of approximations are
designed in Fig. 1. From this curve, it is noted that the possible
ranges of auxiliary parameters are —1.2 </ <O0.1,
—1.1 <7y <0.1 and 0.9 <%, <0.1. For best convergence,
the  appropriate  values  offiy,hy and h, are
hyg =hy = h, = —0.2.Table 1 aim to examine the convergence
of obtained solution at various approximations. The conver-

gence for all profiles is achieved at 12th order of approxima-
tions. Table 2 indicates the comparison of simulated solution
with work of Gorder et al. [42]. The obtained results showed
an excellent agreement.

5. Discussion

The physical assessment of involved flow parameters like Deb-
orah number for relaxation time A;, Deborah number for
retardation time A, Reynolds number R stretching ratioy,
Prandtl number Pr, Eckert number Ec¢, Frank-Kamenetskii
number K,parameter of activation energy e, parameter of con-
stant temperature Ry, Hartmann number M, Archimedes
number A4,, dimensionless distance J, chemical reaction param-
eter £, non dimensional parameters 4,B, yand Schmidt number
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Table 3 Analysis for coefficients of skin-friction for different parameters at both disks.
T M R Pr Ec 0 € A, Rt K A A Ao lower disk upper disk
0.2 0.3 05 01 01 0.5 0.5 02 02 0.5 3.5 0.5 0.5 13.6360 —15.3875
0.4 0.3 05 01 01 0.5 0.5 02 02 0.5 3.5 0.5 0.5 15.2908 —18.5411
0.6 0.3 05 01 01 0.5 0.5 02 02 0.5 3.5 0.5 0.5 16.9335 —21.7165
0.5 03 05 01 01 0.5 0.5 02 02 0.5 3.5 0.5 0.5 15.0460 —19.8463
0.5 06 05 01 01 0.5 0.5 02 02 0.5 3.5 0.5 0.5 13.8416 —19.5440
0.5 09 05 01 01 0.5 0.5 02 02 0.5 3.5 0.5 0.5 12.6186 —19.2503
0.5 0.3 1.0 01 01 0.5 0.5 02 02 0.5 3.5 0.5 0.5 17.6862 —18.4657
0.5 0.3 2.0 01 01 0.5 0.5 02 02 0.5 3.5 0.5 0.5 16.9031 —19.2941
0.5 0.3 3.0 01 01 0.5 0.5 02 02 0.5 3.5 0.5 0.5 16.1141 —20.1257
0.5 0.3 05 01 01 0.5 0.5 02 02 0.5 3.5 0.5 0.5 5.45294 —31.0109
0.5 0.3 05 02 01 0.5 0.5 02 02 0.5 3.5 0.5 0.5 4.10354 —32.0518
0.5 0.3 05 03 01 0.5 0.5 02 02 0.5 3.5 0.5 0.5 2.75415 —33.0927
0.5 0.3 05 01 01 0.5 0.5 02 02 0.5 3.5 0.5 0.5 5.45294 —31.0109
0.5 0.3 05 01 02 0.5 0.5 02 02 0.5 3.5 0.5 0.5 4.02330 -32.9072
0.5 0.3 05 01 03 0.5 0.5 02 02 0.5 3.5 0.5 0.5 2.59367 —34.8034
0.5 0.3 05 01 01 1.2 0.5 02 02 0.5 3.5 0.5 0.5 19.9483 —15.9952
0.5 0.3 05 01 01 1.3 0.5 02 02 0.5 3.5 0.5 0.5 19.9810 —15.9601
0.5 0.3 05 01 01 1.4 0.5 02 02 0.5 3.5 0.5 0.5 20.0032 —15.9361
0.5 0.3 05 01 01 0.5 0.1 02 02 0.5 3.5 0.5 0.5 20.0620 —15.9043
0.5 0.3 05 01 01 0.5 0.2 02 02 0.5 3.5 0.5 0.5 20.0149 —15.9847
0.5 0.3 05 01 01 0.5 0.3 02 02 0.5 3.5 0.5 0.5 19.6796 —16.3627
0.5 0.3 05 01 01 0.5 0.5 01 02 0.5 3.5 0.5 0.5 18.0908 —17.9963
0.5 0.3 05 01 01 0.5 0.5 02 02 0.5 3.5 0.5 0.5 16.1141 —20.1257
0.5 0.3 05 01 01 0.5 0.5 03 02 0.5 3.5 0.5 0.5 14.1375 —22.2551
0.5 0.3 05 01 01 0.5 0.5 02 0.5 0.5 3.5 0.5 0.5 22.0442 —13.7375
0.5 0.3 05 01 01 0.5 0.5 02 0.6 0.5 3.5 0.5 0.5 21.2535 —14.5892
0.5 0.3 05 01 01 0.5 0.5 02 0.7 0.5 3.5 0.5 0.5 20.4628 —15.4410
0.5 0.3 05 01 01 0.5 0.9 02 02 01 3.5 0.5 0.5 16.0255 —20.5039
0.5 0.3 05 01 01 0.5 0.9 02 02 02 3.5 0.5 0.5 15.8482 —21.2604
0.5 0.3 05 01 01 0.5 0.9 02 02 03 3.5 0.5 0.5 15.6709 -22.0169
0.5 0.3 05 01 01 0.5 0.9 02 02 0.5 1.5 0.5 0.5 18.9301 —17.2047
0.5 0.3 05 01 01 0.5 0.9 02 02 0.5 2.0 0.5 0.5 18.4223 —17.7313
0.5 0.3 05 01 01 0.5 0.9 02 02 0.5 2.5 0.5 0.5 17.8104 —18.3658
0.5 0.3 05 01 01 0.5 0.9 02 02 0.5 0.5 01 0.5 16.4531 —20.0869
0.5 0.3 05 01 01 0.5 0.9 02 02 0.5 0.5 02 0.5 17.1309 —20.0095
0.5 0.3 05 01 01 0.5 0.9 02 02 0.5 0.5 03 0.5 17.8087 —19.9320
0.5 0.3 05 01 01 0.5 0.9 02 02 0.5 0.5 0.5 01 16.6555 —19.644
0.5 0.3 05 01 01 0.5 0.9 02 02 0.5 0.5 0.5 02 17.7381 —18.6807
0.5 0.3 05 01 01 0.5 0.9 02 02 0.5 0.5 0.5 03 18.8207 —17.7175

Sc on radial velocity(i.e. H(n)) and axial directions (i.e. H(n)),
pressure, temperature and concentration distribution with help
of Figs. (2-5).

Fig. 2(a-d) elaborates the importance of relaxation time
Deborah number, retardation time Deborah number, dimen-
sionless distance and stretching ratio on r and z components
of velocity. Fig. 2(a) shows that the z component of liquid
velocity is enhanced for both Deborah numbers (4, 4,). Phys-
ically, Deborah number 1, has direct relation to relaxation
time so longer relaxation time results more dominant elastic
effects associated with Oldroyd-B fluid which cause an increase
in velocity. The r component of velocity enhances for certain
height of disks and then reduces for the values of relaxation
time Deborah number. Fig. 2(b) shows the impact of Deborah
number of retardation time /, on radial velocity and axial
velocity where quite reverse observations are observed. The
radial velocity is increasing function of stretching ratio
and dimensionless distance while axial velocity raise up to
certain height of disks channel and then started decreasing

(Fig. 2(c)-2(d)). Fig. 2(e) illustrates the impact of Hartmann
number on radial component of velocity. It is observed that
radial velocity reduces as the values of Hartmann number
increases because a drag force is appeared due to Lorentz force
which create a resistance to liquid flow. The axial velocity
decreases up to certain vertical distance between the disks
and then starts increasing as value of Hartmann varies. Fig. 2(-
f)-2(m) elucidate the influence of 4, K, Ry, €, A, R, Ec and Pr on
axial and radial velocity. The effects of these parameters are
similar to Hartmann number. Physically, Archimedes number
reflects the ratio of gravitational to viscous force. The dimen-
sionless number enables to determine the fluid particles move-
ment due to density differences.

The comparison of Fig. 3(a)-3(h) with Fig. 3(1)-3(j) demon-
strate  that  pressure is  decreasing  function  of
R, A,,A,e,M, A, Ec and Pr. On other hand, the effects of Deb-
orah number of retardation time and distance constant are oppo-
site to that of R, 4,, A, ¢, M, A, Ec and Pr. From Fig. 3(k)-3(1), it
is found that as value of stretching ratio and Frank-Kamenetskii
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Table 4 The Nusselt number values at lower and upper disks.

y M R Pr Ec o € A, Rt K A A o lower disk upper disk
0.3 0.3 05 01 01 03 02 20 02 0.5 1.5 0.5 0.5 —106.423 —13.3177
0.6 0.3 05 01 01 03 02 20 02 0.5 1.5 0.5 0.5 —103.143 —11.6023
0.9 0.3 05 01 01 03 02 20 02 0.5 1.5 0.5 0.5 —99.8634 —9.88681
0.5 0.1 05 01 01 03 02 20 02 0.5 1.5 0.5 0.5 —104.324 —12.2064
0.5 0.2 05 01 01 03 02 20 02 0.5 1.5 0.5 0.5 —104.280 —12.1903
0.5 0.3 05 01 01 03 02 20 02 0.5 1.5 0.5 0.5 —104.237 —12.1741
0.5 0.3 01 01 01 03 02 20 02 0.5 1.5 0.5 0.5 —11.7541 —8.28170
0.5 0.3 02 01 01 03 02 20 02 0.5 1.5 0.5 0.5 —22.8453 —8.57386
0.5 0.3 03 01 01 03 02 20 02 0.5 1.5 0.5 0.5 —41.9561 —8.78831
0.5 0.3 05 0.5 01 03 02 20 02 0.5 1.5 0.5 0.5 —56.4597 —10.9130
0.5 0.3 05 1.0 01 03 02 20 02 0.5 1.5 0.5 0.5 —104.237 —12.1741
0.5 0.3 05 1.5 01 03 02 20 02 0.5 1.5 0.5 0.5 —152.014 —13.4352
0.5 0.3 05 01 0.5 03 02 20 02 0.5 1.5 0.5 0.5 —8.50626 —9.53212
0.5 0.3 05 01 1.0 03 02 20 02 0.5 1.5 0.5 0.5 —8.37789 —9.40389
0.5 0.3 05 01 1.5 03 02 20 02 0.5 1.5 0.5 0.5 —8.24952 —9.27566
0.5 0.3 05 01 01 1.0 02 20 02 0.5 1.5 0.5 0.5 —12.9525 —8.12087
0.5 0.3 05 01 01 1.3 02 20 02 0.5 1.5 0.5 0.5 —9.62955 —8.57133
0.5 0.3 05 01 01 1.6 02 20 02 0.5 1.5 0.5 0.5 —8.79385 —8.88103
0.5 0.3 05 01 01 03 0.2 20 02 0.5 1.5 0.5 0.5 —0.01029 —0.09124
0.5 0.3 05 01 01 03 0.3 20 02 0.5 1.5 0.5 0.5 —0.05737 —0.13709
0.5 0.3 05 01 01 03 0.4 20 02 0.5 1.5 0.5 0.5 —0.14377 —0.21925
0.5 0.3 05 01 01 03 02 10 02 0.5 1.5 0.5 0.5 —56.4612 —10.9133
0.5 0.3 05 01 01 03 02 15 02 0.5 1.5 0.5 0.5 —80.3490 —11.5437
0.5 0.3 05 01 01 03 02 20 02 0.5 1.5 0.5 0.5 —104.237 —12.1741
0.5 0.3 05 01 01 03 02 20 1.1 0.5 1.5 0.5 0.5 —1.48980 —0.33151
0.5 0.3 05 01 01 03 02 20 1.4 0.5 1.5 0.5 0.5 —17.6711 —2.48767
0.5 0.3 05 01 01 03 02 20 1.7 0.5 1.5 0.5 0.5 —51.9201 —6.43519
0.5 0.3 05 01 01 03 02 20 02 01 1.5 0.5 0.5 —102.891 —11.7608
0.5 0.3 05 01 01 03 02 20 02 02 1.5 0.5 0.5 —100.374 —10.9970
0.5 0.3 05 01 01 03 02 20 02 03 1.5 0.5 0.5 —98.0890 —10.3167
0.5 0.3 05 01 01 03 02 20 02 0.5 1.5 0.5 0.5 —21.4106 6.36069
0.5 0.3 05 01 01 03 02 20 02 0.5 2.0 0.5 0.5 —6.55988 3.84972
0.5 0.3 05 01 01 03 02 20 02 0.5 2.5 0.5 0.5 —3.17108 2.92798
0.5 0.3 05 01 01 03 02 20 02 0.5 1.5 01 0.5 —124.646 55.7710
0.5 0.3 05 01 01 03 02 20 02 0.5 1.5 02 0.5 —123.478 55.7486
0.5 0.3 05 01 01 03 02 20 02 0.5 1.5 03 0.5 —122.311 55.7262
0.5 0.3 05 01 01 03 02 20 02 0.5 1.5 0.5 01 —110.573 50.4592
0.5 0.3 05 01 01 03 02 20 02 0.5 1.5 0.5 02 —81.9662 39.8299
0.5 0.3 05 01 01 03 02 20 02 0.5 1.5 0.5 03 —54.3004 29.2230

number vary, a rise in pressure up to certain height of disk is
noticed which later on decrease gradually. Fig. 3(m) demonstrates
that behavior of constant temperature parameter is opposite to
that of stretching ratio and Frank-Kamanetskii number.

From Fig. 4(a), it is revealed that temperature 0 increases as
the value of Hartmann number increase. For better engineer-
ing and industrial final products the variation of applied mag-
netic field play a fascinating role. The fluid temperature is an
increasing function of stretching ratio, dimensionless distance
and Frank-Kamanetskii number as shown in Fig. 4(b)-4(d).
The ratio of kinetic energy to enthalpy is known as Eckert
number which means that kinetic energy of fluid particle
increases for higher values of Eckert number and subsequently
a progressive temperature profile is noted (Fig. 4(e)). It is
observed from Fig. 4(f) that fluid temperature is a decreasing
function of Prandtl number r . Physically, increasing values
of Prandtl number lead to lower thermal diffusivity. This
weaker thermal diffusivity causes a reduction in fluid
temperature. Fig. 4(g)-4(k) demonstrate that dimensionless

temperaturef is an increasing function of 4,, Ry, €, 4 and R.
Fig. 4(i) reflects that upon increasing Deborah number of
relaxation time /i, the fluid temperature enhanced. It is due
to the fact that higher relaxation time leads to increment in
temperature. On the other hand, fluid temperature is decreas-
ing function of Deborah number of retardation time 4,. The
higher retardation time causes a reduction in fluid temperature
and presented in Fig. 4(m).

Fig. 5(a) aims to examine the change in concentration pro-
file ¢ for various values of Schmidt number Sc. It is evident
from this figure that concentration field ¢ decreases as the value
of Schmidt number increases. Since Schmidt number is the ratio
of momentum diffusivity to mass diffusivity. Therefore, Sch-
midt number depends on molecular diffusivity and higher value
of Schmidt number causes a lower molecular diffusivity. Fig. 5(-
b)-5(d) reveal that concentration profile is a decreasing function
of y,7,andA,. It is noticed from Fig. 5(e)-5(f) that 1; causes an
enhancement in concentration field while reverse trend is noted
for 4,. Fig. 5(g)-5(h) indicate that the concentration field
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Table 5 The change in Sherwood number at lower and upper disks.

y M R A B 0 A, € Ry 1 14 lower disk upper disk
0.3 0.3 05 3.5 03 0.5 20 02 02 3.5 03 2.10579 —5.78484
0.6 0.3 05 3.5 03 0.5 20 02 02 3.5 03 2.13697 —5.94809
0.9 0.3 05 3.5 03 0.5 20 02 02 3.5 03 2.16815 —6.11134
0.5 01 05 3.5 03 0.5 20 02 02 3.5 03 8.28998 —33.1546
0.5 02 05 3.5 03 0.5 20 02 02 3.5 03 8.21310 —32.8643
0.5 03 05 3.5 03 0.5 20 02 02 3.5 03 8.13664 —32.5752
0.5 0.3 01 3.5 03 0.5 20 02 02 3.5 03 2.08664 —5.80575
0.5 0.3 02 3.5 03 0.5 20 02 02 3.5 03 2.09663 —5.82773
0.5 0.3 03 3.5 03 0.5 20 02 02 3.5 03 2.10661 —5.84971
0.5 0.3 05 1.0 03 0.5 20 02 02 3.5 03 1.56751 —5.92949
0.5 0.3 05 1.5 03 0.5 20 02 02 3.5 03 1.75776 —5.91730
0.5 0.3 05 2.0 03 0.5 20 02 02 3.5 03 1.89123 —5.90875
0.5 0.3 05 3.5 2.0 0.5 20 02 02 3.5 03 1.10392 —6.36570
0.5 0.3 05 3.5 2.3 0.5 20 02 02 3.5 03 1.46210 —6.22233
0.5 0.3 05 3.5 2.6 0.5 20 02 02 3.5 03 1.73686 —6.09512
0.5 0.3 05 3.5 03 1.0 20 02 02 3.5 03 6.48628 —17.9236
0.5 0.3 05 3.5 03 1.5 20 02 02 3.5 03 6.32064 —17.0654
0.5 0.3 05 3.5 03 2.0 20 02 02 3.5 03 6.29198 —16.9202
0.5 0.3 05 3.5 03 0.5 10 02 02 3.5 03 7.65348 —25.2967
0.5 0.3 05 3.5 03 0.5 20 02 02 3.5 03 8.34404 —33.3586
0.5 0.3 05 3.5 03 0.5 30 02 02 3.5 03 8.35031 —41.0384
0.5 0.3 05 3.5 03 0.5 20 1.0 02 3.5 03 1.42007 —6.14956
0.5 0.3 05 3.5 03 0.5 20 1.5 02 3.5 03 1.90190 —5.98219
0.5 0.3 05 3.5 03 0.5 20 2.0 02 3.5 03 2.12658 —5.89367
0.5 0.3 05 3.5 03 0.5 20 02 10 3.5 03 1.85666 —5.91096
0.5 0.3 05 3.5 03 0.5 20 02 20 3.5 03 1.82885 —5.91275
0.5 0.3 05 3.5 03 0.5 20 02 30 3.5 03 1.81982 —5.91332
0.5 0.3 05 3.5 03 0.5 20 02 02 02 03 1.21470 —3.89184
0.5 0.3 05 3.5 03 0.5 20 02 02 03 03 1.82262 —5.22640
0.5 0.3 05 3.5 03 0.5 20 02 02 04 03 2.43053 —6.56095
0.5 0.3 05 3.5 03 0.5 20 02 02 3.5 3.0 2.12658 —5.89367
0.5 0.3 05 3.5 03 0.5 20 02 02 3.5 3.4 2.09178 —5.88951
0.5 0.3 05 3.5 03 0.5 20 02 02 3.5 3.8 2.05284 —5.87825

enhanced as the values of Prandtl number and Eckert number
increases. The concentration field is an increasing function of
Ry,e, A, B,0 and K and shown in Fig. 5(1)-5(n). It is evident
from Fig. 5(o) that chemical reaction rate parameter increases
the concentration distribution ¢. Fig. 5(p) shows that concen-
tration profile get larger with Hartmann number variation.

Table 3 represents the variation of skin friction coefficient
at upper disk surface RCj; and lower surface RC,. The pro-
gressive numerical values at upper disk surface are noted for
all parameters. An increasing variation at upper surface of disk
is noticed with I', 8, A4; and 4,. Table 4 examines the effects of
v, M, A, 22, R, Pr,Ec,d,€,A,, Ry, Aand K on Nusselt number
Ny, (upper surface) and N,, (lower surface). The heat transfer
at upper surface is more dominant as compared to lower disk
surface. The heat transfer rate enhanced with Pr, A4, while
opposite trend has been noticed upon increasing 4; and 7.
The effects of different parameters on Sherwood number are
displayed in Table 5. The higher concentration is observed
associated with y, R and y at both disks surfaces.

6. Conclusions

In this analysis, combined heat and mass transfer assessment
in flow of Oldroyd-B induced has been examined in presence
of Joule heating, chemical reaction and Ohmic dissipations.
The flow has been induced by radially moving isothermally

and exothermally stretching disks. The important observations
claimed from this work are listed below:

e The skin friction coefficient decreases when Reynolds num-
ber, Prandtl number, Eckert number, Archimedes number,
parameter of constant temperature and dimensionless dis-
tance parameter increases.

The tangential stresses are increasing function of stretching
ratio up to certain height of disks channel and then start
increasing. On the other hand the effect of magnetic parameter
on tangential stresses is opposite to that of stretching ratio.

e Upon increment of Deborah numbers and dimensionless
distance parameter, the skin friction coefficient at both
disks also increases.

The rate of heat transfer on both disks increases as the
value of stretching parameter, Hartmann number, Eckert
number and Frank-Kamenetskii number increases. In
contrast, the rate of heat transfer on both disks are
decreasing function of Prandtl number, activation energy
parameter, Archimedes number and constant tempera-
ture parameter.

The rate of heat transfer at lower disk increases and at
upper disk decreases when the values of dimensionless dis-
tance, Archimedes number and Deborah number increases
while the behavior of Reynolds number is opposite to that
of dimensionless distance.
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e When the values of dimensionless parameter and activation
energy parameter increases the rate of mass transfer on
both disks increases.

e The behavior of constant temperature on concentration dis-
tribution is opposite to that of activation energy constant.
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